Introduction
Earlier parts of this series discussed the reactions of chlorodimethylamino derivatives [2] , N3P3Cl6-n(NMe2)w (n = 1, 2, 3, 4), and chloropiperidino derivatives [3] , N3P3Cl6-"(NC5Hio)n [n = 1, 2, 3, 4), with boiling benzene in the presence of aluminium chloride (6 mole). Phenylated products were obtained from all reactions except that of cts-N3P3Cl2(NMe2)4. In some cases, phenylation was incomplete because =PC12 groups are less reactive than =PC1R groups (R = NMe2, NC5H10). An interesting feature of the reactions of the chlorodimethylaminocyclotriphosphazatrienes with benzene was the formation of hydrocarbon by-products [2] . This paper describes reactions of chloroamino derivatives, N3P3Cl6-nR/> [R = NHMe {n = 2), NHEt (»= 1, 2), NHPr n {n = 4), NHPr 1 (»= 1, 4), NHBu' (n = 2, 4), NHCH2Ph (»=1), NEt2 (w=l, 2, 3) , N(CH2Ph)2 (»=1)], with benzene in the presence of anhydrous aluminium chloride. In addition, the reactions of N3P3C15R (R = NMe2, NC5H10) have been reinvestigated in order to find the optimum conditions for phenylation.
Experimental
Aminochlorocyclotriphosphazatrienes were prepared by literature methods [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Light petroleum, b.p. 60-80 °C, was used for column chromatography and recrystallisation.
General procedure
The requisite amount of anhydrous aluminium chloride was placed in a flask containing dry benzene. The aminochlorocyclotriphosphazatriene was added directly and the mixture stirred. After heating, the mixture was cooled and then hydrolysed by cautions addition to an ice-cold solution of 2 M hydrochloric acid. The organic layer was separated, washed thoroughly with water and dried over anhydrous sodium sulphate. The filtered solution was reduced in volume and examined by either thin-layer or gas-liquid chromatography. Details of the preparation of new phenylated cyclophosphazenes are given below; experiments that gave only hydrocarbon products are described briefly; other experiments are summarised in Table I. a) N3P3Cl5(NHEt), m.p. 35 °C, lit. [5] m.p. 34-35 °C (7.1 g, 0.02 mole) and anhydrous aluminium chloride (8.0 g, 0.06 mole) were heated in benzene at 55-60 °C for 8 d. The mixture was cooled and hydrolysed. The organic phase was separated, dried and evaporated to dryness. An oil (4 g) was obtained which could be crystallised after repeated trituration with ice-cold light petroleum. Recrystallisation from light petroleum gave 2:4,4,6,6:2-N3P3PhCl4(NHEt) (2), m.p. 115 °C (2.4 g, 30%).
CsHnChN4P3
(MW 398) Calcd C 24.1 H 2.8 N 14.1 Cl 35.6, Found C 24.1 H 2.7 N 14.2 C135.7. b) 2-*raws-4,6,6:2,4-N3P3Cl4(NHEt)2, m.p. 85 °C, lit. [5] m.p. 85 °C (11.0 g, 0.029 mole) and anhydrous aluminium chloride (23 g, 0.172 mole) were heated in boiling benzene (350 ml) for 4 d. After hydrolysing the cooled mixture, benzene was removed and a solid obtained. Examination of the solvent by glc indicated the presence of ethylbenzene (2%). The crude solid (7.5 g) was dissolved in benzene and chromatographed over silica gel (200 g). The first product (eluant: benzene) was recrystallised from light petroleum to give 2-trans-4:6,6:2,4-N3P3Ph2Cl2(NHEt)2 (3), m.p. 130 °C (2.5 g, 20%). (11 g) was obtained. The oil was dissolved in light petroleum and the solution was kept at 0 °C for several days. Several crops of crystals were obtained. These were combined and recrystallised from light petroleum to give 2:4,4,6,6:2-N3P3PhCl4(NEt2) (5), m.p. 70 °C (9.6 g, 75%). 
C30H45NeP3
(MW 582) Calcd C 61.9 H 7.7 N 14.4, Found C 61.7 H 7.6 N 14.2. f) N3P3CI5(NHPr*) and NsPsCMNHPr^. Phenylphosphazenes were not obtained from the reactions of the mono-isopropylamino compound and geminal N3P3Cl2(NHPr l ')4 with benzene (3 or 4 mole aluminium chloride) at 75-80 °C. Isopropylbenzene (58%) was obtained in the reaction (8 h) of the geminal tetra compound; small quantities of isopropylbenzene and diphenylmethane were formed in the reaction (6 d) of the mono-compound. g) N3P3Cl2(NHPr»)4, N3P3Cl4(NHBu')2 and N3P3Cl2(NHBu < )4. The attempted Friedel-Crafts reaction of geminal N3p3Cl2(NHPr' l )4 gave a mixture of w-propylbenzene (~20%) and isopropylbenzene (~8%). Unreacted starting material (30%) was recovered but phenylphosphazenes were not obtained. Reactions of geminal N3P3Cl4(NHBu')2 and geminal N3P3C12(NHBu')4 gave only £-butylbenzene (35% and 65% respectively). Both these reactions were carried out in boiling benzene (4 mole, 8 h).
h) N3P3CI5(NHCH2Ph 
Results
The £raws-bis-methylamino compound, N3P3Cl4(NHMe)2 [4] , reacts with boiling benzene in the presence of 6 mole of aluminium chloride to give the bis-phenyl derivative, 2,4:6,6:2,4-N3P3Ph2Cl2(NHMe)2 (1), m.p. 145 °C, lit. [14] m.p. 145 °C, toluene (~10%), and traces of triphenylmethane. The *H NMR spectrum of the phenylated cyclophosphazene shows only one doublet in the methyl region at <5 2.66 ppm, 3 J* (P-H) 13.0 Hz. These data indicate the presence of =PPh(NHMe) groups but do not distinguish between structures with the phenyl groups in eis-or ^raws-positions. Ford, Dickson and Bezman [14] report that compound 1 reacts with an excess of methylamine to give a-s-N3P3Ph2(NHMe)4. As the NMR evidence for the structure of the latter is unambiguous, they suggested that the chloroprecursor, N3P3Ph2Cl2(NHMe)2, also has a cisstructure.
The (4), m.p. 124 °C, and ethylbenzene (~2%). The basicity data for these derivatives suggest that phenylation occurs at the =PCl(NHEt) group [15] .
The methyl and methylene proton resonances in the NMR spectra of the phenylated derivatives (2-4) are given in Table II . The methylene signals appear as broad multiplets because of virtual coupling. The data suggest that these derivatives contain only =PPh(NHEt) and =PC12 groups. The different degrees of shielding of methyl and methylene protons indicate trans-{3) and cis-(4) structures for the isomers of N3P3Ph2Cl2(NHEt)2.
The mono-phenyl derivative (5) was obtained from the reaction of N3P3Cls(NEt2) with benzene (Table I) The reaction of £rcms-N3P3Cl4(NEt2)2 in boiling benzene gives the mono-phenyl derivative, N3P3PhCl3(NEt2)2 (6) and a diphenyl-derivative, NsP3Ph2Cl2(NEt2)a (7). The tris-fraws-diethylaminocompound, N3P3Cl3(NEt2)3, reacts with boiling benzene to give N3P3Ph3(NEt2)3 (8) . Compound 6 has previously been assigned a 2:4,4,6:2,6-structure from basicity data [15] . NMR data for this compound clearly indicate that the diethylamino-groups are eis to one another (Table II) . The structures of the remaining phenyldiethylamino compounds are also deduced from NMR data by considering the shielding effect of the phenyl groups(s) [2] .
Discussion
It is clear from Table I that the phenylation of aminochlorocyclophospliazenes takes place even when only one mole of aluminium chloride per mole of phosphazene is used. Yields are increased by increasing the amount of aluminium chloride or by an increase in reaction time. The effect of temperature is more complex because there are at least two competing reactions with different temperature coefficients: (a) phenylation at phosphorus (without decomposition of the phosphazene) and (b) phenylation at carbon and subsequent decomposition to give phenylated hydrocarbons.
The nature of the phosphorus centre plays an important part in these reactions. Six centres can be distinguished: (i) =PC12, (ii) =PC1(NRR'), (iii) =P(NRR')2, (iv) =PClPh, (v) =PPh2, (vi) =PPh(NRR'). Phenylation at phosphorus proceeds most readily for (ii) =PC1(NRR') [2, 3, 17] and (iv) PClPh groups [18, 19] . Phenylation at carbon (b) can occur with (ii) =PC1(NRR') groups and this is the only reaction that has been observed for (iii) =P(NRR')2 or (vi) =PPh(NRR') groups. For example, the only new product when 2:4,4,6,6:2-N3P3PhCl4(NMe2) was boiled with benzene (12 h) (6 mole aluminium trichloride) was a small amount of diphenylmethane (0.3%). Hydrocarbon formation is not observed during Friedel-Crafts reactions of cyclophosphazenes containing only (i) =PC12 and/or (iv) =PClPh, and/or (v) =PPh2 groups [18, 19] .
Both competing reactions, (a) and (b), can occur at (ii) =PC1(NRR') groups. Steric effects influence reactions involving secondary amino groups. The derivatives, N3P3Cl5(NRR'), react with benzene in the presence of one mole of aluminium chloride at 55-60 °C (12 d) to give the phenylated products, N3P3CI4PI1 (NRR'), in yields of 46% (NMe2), 51% (NC5H10), and 0.2% (NEt2) ( Table I) . Similarly, dimethylamine [6] and piperidine [8] differ from diethylamine [7] in reaction rate with N3P3CI6 and in product distribution. Thus, the major nongeminal dialkylamino-isomer, N3P3C12(NRR')4, has a cisconfiguration when NRR' = NMe2 [6] and a £raws-configuration when NRR' = NEt2 [7] . Results obtained in this and an earlier study [2] can be compared with the above observations: phenylation of nongeminal-NsPsC^NRR'^ gives N3P3Ph2Cl2(NRR')2
[NRR' = NMe2 (dimethylamino-groups eis to one another), NRR' = NEt2 (diethylamino-groups trans to one another)]. The tris-compound, N3P3Cl3(NRR')3, gives a mixture of eis-and Jrcms-triphenyl-isomers, NsP3Ph3(NRR')3, when NRR' = NMe2, but only the frcms-isomer when NRR' -NEt2. Drastic differences in behaviour have also been reported for the reactions of dimethylaniline, PhNMe2, and diethylaniline, PhNEt2, with
N3C3CI3 [20],
When a primary amino-group is involved, the =PC1(NRR') group reacts predominantly by phenylation at phosphorus (a) if the alkyl group is unbranched (R = H, R' = Me, Et) and by phenylation at carbon (b) when the alkyl group is branched (R = H, R' = Pr l ). Steric factors may be responsible for the differences. If the amino group NRR' is either benzylamino, NHCH2Ph, or dibenzylamino, N(CH2Ph)2, only reaction (b) is observed. Those amino groups, NRR', which tend to give hydrocarbons exclusively also behave anomalously in the thermolysis of phenylphosphonothioic diamides, PhP(S)(NRR')2 (R = H, R' = alkyl) [21] ; loss of the alkyl group, R', is observed rather than the formation of cyclodiphosphazanes, [PhP(S)(NR')]2, the characteristic behaviour of these diamides with unbranched amino-groups.
Non-geminal cyclotriphosphazatrienes, N3P3CI6-n(NRR');j, generally undergo reaction (a) when n = 1, though at greatly varying rates. When n -2, reaction (a) can occur at both =PC1(NRR') groups; for NRR' = NMe2, no monophenyl derivative, N3P3Cl3Ph(NMe2)2, was observed, and the same diphenyl derivative, cisN3P3Cl2Ph2(NMe2)2 was isolated from the reactions of both eisand £r<ms-N3P3Cl4(NMe2)2 [2] ; for NRR' = NC5H10, both geometric isomers, N3P3Cl4(NC5Hio)2, gave the same monophenyl, N3P3Cl3Ph(NC5Hio)2, and the same diphenyl derivatives, N3P3Cl2Ph2(NC5Hio)2. Their respective isomers were not observed. For NRR' = NEt2 (trans), monophenylation, N3P3Cl3Ph(NEt2)2 (NEt2 groups eis to one another), and diphenylation, transN3P3Cl2Ph2(NEt2)2, were observed. The primary amino compounds, £raw«s-N3P3Cl4(NHMe)2 and transN3P3Cl4(NHEt)2, gave diphenyl derivatives, N3P3Ph2Cl2(NRR')2. The former (NRR' = NHMe) gave only the cis-isomer; the latter (NRR' = NEt2) gave both geometric isomers. A monophenyl derivative, N3P3PhCl3(NHMe)2, was isolated by earlier workers but its structure is uncertain [14] .
Both eis-and Jnms-isomers of N3P3Cl3(NMe2)3 gave mixtures of geometric triphenyl-isomers, N3PsPh3(NMe2)3 [2] . No mono-or di-phenyl precursors were detected. In contrast, the analogous piperidino isomers, NsPsC^NCsHio^, both gave the same triphenyl derivative, N3P3Ph3(NCsHio)3; a diphenyl derivative, N3P3ClPh2(NC5Hio)3 was also isolated from the reaction of the £ra?is-tris-precursor. The fraws-diethylamino derivative, N3P3Cl3(NEt2)3, gave a single product, £rans-N3P3Ph3(NEt2)3. For n = 4, the nongeminal cis-derivatives, N3P3C12(NRR')4 gave very different results. Whereas N3P3Cl2(NMe2)4 reacted to give hydrocarbons exclusively [2] [reaction (b)], N3P3C12(NC5HIO)4 gave excellent yields of the diphenyl derivative, N3P3Ph2(NC5H10)4. However, the nongeminal tetraamino derivatives, N3P3Cl2(NMe2)2(NC5Hio)2, and N3P3Cl2(NMe2)3(NC5H10), still gave excellent yields of the corresponding diphenyl derivatives (one isomer only in both cases) [3] . This observation provides an excellent example of the fine balance that exists between reaction paths (a) and (b).
Various hydrocarbons were detected in many of our reactions (see Experimental) but it is not clear whether all of these are primary reaction products. Hydrocarbons such as alkylbenzenes undergo a variety of transformations in the presence of aluminium chloride, even under milder conditions than those described here [22] .
It is clear that =PC1(NRR') (and =PPhCl) groups always react faster by route (a) than =PC12 groups [2, 3, [17] [18] [19] . However, the presence of two or more =PC1(NRR') groups does not always permit a confident prediction of the reaction path.
In some cases stepwise phenylation of the =PC1(NRR') groups is observed; in others, phenylation appears to accelerate and only fully phenylated derivatives are isolated. Also, pairs of geometric isomers were observed in some instances; in others, only one isomer was isolated.
It seems likely that two major, competing processes are involved in the Friedel-Crafts phenylation of phosphazenes:
1. Complex formation via a nitrogen donor function of the phosphazene substrate and aluminium chloride (chloride ion departure hindered) and 2. complex formation via the chlorine atom facilitating the departure of the chloride ion. This effect is enhanced in the presence of electronreleasing groups (amino and/or phenyl). The overall effect of these processes is difficult to quantify.
Crystallographic and spectroscopic data provide useful insights. For example, the P-Cl bond of the =PCl(NMe2) group is longer than the P-Cl bonds of the =PC12 group in geminal N3P3Cl3(NMe2)3 and the 35 C1 signal from the =PCl(NMe2) group occurs at a lower frequency than the =PC12 signal. Both techniques suggest that the P-Cl bond is more ionic in the =PCl(NMe2) group than in the =PC12 group [23] . In Friedel-Crafts reactions, a chlorine atom is envisaged departing as a chloride ion. recent paper on the mass spectra of geminal and non-geminal phenylchlorocyclophosphazenes, it was demonstrated that chlorine atoms are lost more readily from =PClPh groups than from =PC12 groups [24] .
Under controlled conditions, selective phenylation [2] can be carried out as shown above.
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